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4,759,386

1
ELECTROMECHANICAL LINEAR ACTUATOR

STATEMENT OF THE INVENTION

This invention relates to electromechanical linear
actuators and more particularly to such actuators hav-
ing a manual override capability and accurate position
indication of the actuated device during automatic and
manual operating modes of the actuator.

BACKGROUND AND SUMMARY OF THE
INVENTION

Electromechanical linear actuators are well known
and have many and diverse uses. For example, in the
treatment of potable waters, linear motion valve actua-
tors often serve to regulate the feedrate of a gas feeder,
typically chlorine, to the potable waters for disinfection
thereof.

In the regulation or control of a linear motion valve
feeding chlorine gas to potable waters, for example, a
conventional analyzer, disposed externally to the pres-
ent actuator, generates signals indicative of the quantity
of residual chlorine in the water. A controller, main-
tained at a desired set-point of residual chlorine, re-
ceives the analyzer signals and compares the analyzed
residual chlorine in the treated water with a desired
residual chlorine preset into the controller. The control-
ler generates A.C. signals in response to the compari-
son; these signals are fed to a reversible A.C. motor
associated with the present actuator mechanism. The
motor positions an output rack which functions to con-
trol the chlorine feed valve. Thus, if a higher residual 1s
desired, the controller will cause the motor to run in a
forward direction to open, or further open the linear
motion valve, and conversely when the residual is to be
reduced.

It is desirable in such applications that an accurate
indication of valve position be made known to the con-
troller and operator. Further, the manual override
means of any automatically controlled electromechani-
cal linear actuator should be readily accessible to the
operator as well as simple to operate.

The present actuator device maintains a valve posi-
tion indicator, and an output rack indicative of the out-
put of the valve, directly coupled in both automatic and
manual operation modes. Mode change, i.e., automatic
to manual, or vice versa, may easily be made by the
simple expediency of moving a knob. The linear actuat-
ing device may be mounted in a gas feeder cabinet, for
example, where the knob is readily accessible from a
front panel thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a perspective view of the assembied electro-
mechanical linear actuator of the present invention.

FIG. 2 is a broken-away perspective view of a por-
tion of the actuator of FIG. 1, the main rotating shaft
shown severed, and components associated with the
severed shaft enlarged for purposes of clarity of illustra-
tion.

FIG. 3 is a broken-away partially sectioned and par-
tially diagrammatic view of the actunator of FIG. 2 taken
along line 3—3 thereof, portions in phantom, the main
rotating shaft and components associated therewith
shown partially sectioned and part in phantom.

FIG. 4 is a fragmentary view of FIG. 3 illustrating
the actuator in a manual override mode.
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FIG. 5 is a elevational view of the actuator of FIG. 3,
the actuator housing shown in section and portions of
the actuator removed for clarity of illustration.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 of the drawings illustrates the present actuator
10 provided with a housing of mating halves 12—12,
suitably plastic, and means 14 for joining them prior to
mounting to a gas feeder cabinet (not shown), for exam-
ple. A knob 16, readily accessible to an operator, Is
pulled to manually override automatic operation of the
actuator. Rotation of knob 16 causes main rotating shaft
18 to rotate therewith, causing an output rack member
20 (FIG. 3) to travel for control of the linear motion
valve 21 (in phantom) which regulates the feedrate of
chlorine gas (indicated by arrow 23) to the water. Rack
20 is protected from dirt and contaminants by a pair of
bellows 22—22 secured to gear housing unit 24 by
clamps 26—26 at their inner ends, and to the outer ends
of rack 20 by clamps 26'—26'. Thus, movement of the
rack (and bellows) in either direction controls the gas
feeder linear motion valve 21 (inspection) by suitable or
conventional means. A gasket 27 is provided between
the housings 12—12".

Referring now to FIGS. 2 and 3, alternating current
from a suitable source (not shown) supplies power to a
reversible permanent split capacitor motor 28 through
terminal strip 30. Motor 28 is typically 115 volts, 60
cycle, 1.14 rpm, with continuous duty 40 inch-pounds
starting torque. Motor 28 is screw mounted within
motor mount 32 integrally formed to gear box 34 se-
cured to gear housing unit 24 through housing 12 by a
plurality of threaded spacers 36.

Drive shaft 40 of motor 28 is provided with gear 42
which coacts with pinion 44 secured to main rotating
shaft 18. Rotation of pinion 44 causes output rack 20 to
travel depending upon the direction of rotation of drive
shaft 40. Pinion 44 is suitably made of plastic to obviate
any need for lubrication between it and gear 42 and rack
20.

Main rotating shaft 18 is provided with an inner trans-
verse recess 48 and an outer transverse recess 50, both
of which are capable of engaging projection 52 secured
to gear housing unit 24. Thus, in the embodiment illus-
trated in FIG. 3, projection 52 is engaged within outer
recess 50 permitting automatic operation of the present
linear actuator 10. When knob 16 is pulled, as illustrated
in FIG. 4 of the drawings, projection 52 engages inner
recess 48 of main rotating shaft 18, causing pinion 44 to
be disengaged from gear 42. The engagement of the
pinon 44 with the rack 20 is maintained allowing rota-
tion of knob 16 to rotate pinion 44, secured to main
rotating shaft 18 to cause rack 20 to move for manual
control of the gas feeder linear motion valve. Rack 20 1s
provided with internal threads 54 at each end thereof
(FIG. 5) to facilitate connection to the linear motion
valve.

Manual override may be desirable in several in-
stances, i.e., where an operator desires to increase or
decrease the residual chlorine in the treated water
above or below the predetermined set-point respec-
tively, where the volume of water being treated is sud-
denly changed, where electrical power fails, and the
like.

The position indicating means for both manual and
automatic operation of the present actuator is clearly
shown in the drawings, and more particularly to FIG. 2
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thereof. In either mode of operation, main rotating shaft
18 is rotatable in either direction. Shaft 18 is secured
within sleeve 60 by means of pin 62 pressed into a hole

provided in shaft 18 while engaging a longitudinal slot

64 formed through sleeve 60. Thus, rotation of shaft 18
rotates sleeve 60 accordingly. Retainer ring 66, dis-
posed around an inner portion of sleeve 60, functions to
pinch sleeve 60 onto shaft 18. A plastic spacer member

68 is positioned outwardly of pin 62 and is caused to fit
loosely or float around sleeve 60. When knob 16 is

pushed towards housing 12 such that outer recess 50 is
engaged by projection 52, as depicted in FIG. 3 of the
drawings, pin 62 slides along slot 64 to urge the outer
surfaces of spacer 68 to contact spring lever 70 (FIG. 5)
of normally open switch 72 to thereby close a position
feedback circuit, later described, and allows motor 28 of
the actuator to operate in the automatic mode. Switch
72 is mounted on the multiangled bracket member 74
which is threadedly attached to spacers 36. When it is
desired to manually override the automatic mode of
operation, knob 16 will merely be pulled (FIG. 4) to
cause pin 62 o retract along slot 64 to abut well 106
while projection 52 engages inner recess 48, allowing
lever 70 of swiich 72 to return to its relaxed position
while pushing floating spacer member 68 inwardly
along sleeve 60 and disposing switch 72 back to its
normally open position, thus opening the circuit and
removing the supply of power to the motor 28.

At the outermost end of sleeve 60 is positioned a
feedback or position indicating potentiometer 76 screw
mounted to a plate 78 by screws 80. Plate 78 is provided
with a slot 82 which receives rod 84 extending out-
wardly from bracket 74. Plate 78 and rod 84 prevent
potentiometer case 77 from rotating, i.e., even though
shaft 18 and sleeve 60 are rotating, potentiometer case
77 will not rotate therewith. Potentiometer shaft 86
(FIG. 3) is secured within a central passageway 88
formed at the outer end of sleeve 60 by means of a set
screw 90.

Attached to potentiometer shaft 86 is a conventional
internal wiper which rotaes with the rotation of main
rotating shaft 18 and sleeve 60, enabling potentiometer
76 to provide a linear voltage responsive to the position
of output rack 20, if a constant current is applied across
the potentiometer, due to the synchronous movement of
the wiper and rack. Thus, any change in the resistance
of the potentiometer is precisely correlated to any
change in position of the output rack.

Gear backlash between rack 20 and pinion 44 is made
to equal the clearance distance between pin 62 and slot
64 1n sleeve 60 to thereby eliminate possible potentiome-
ter position indicating errors when the direction of
rotation of the main rotating shaft and sleeve is re-
versed.

Cams 94 and 96 are secured to sleeve 60 inwardly
potentiometer mounting plate 78, rotate with the sleeve,
and function to contact normally closed limit switches
98 and 100 respectively, mounted to bracket 74 (FIG.
S), to limit linear travel of output rack 20 in either direc-
tion of opening motor 28 operating circuit located
within housing 12—12'. The motor operating circuit
includes the two energizing leads of the a.c. reversible
motor 28, each in series with a limit switch 98 or 100.
The position feedback circuit, also located within hous-
ing 12—12', includes the feeback potentiometer 76 and
switch 72.

A bearing member 104 for main rotating shaft 18 is
disposed in the inner wall of housing 12 (FIG. 3). Well
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106 1s integrally formed with housing 12 and extends
outwardly concentrically about bearing 104, providing
mechanical support thereto while continuously housing
therein a flange 108 (FIG. 2) formed at the innermost
end of sleeve 60 whether the actuator is operating in
automatic or manual mode. As mentioned above, well
106 is abutted by pin 62 when automatic operation of
the actuator is manually overridden.

The use of a position indicating potentiometer for
indicating positions of linear apparatus is known. The

potentiometer may be connected directly to a suitable
controller, described hereinabove, for position feedback
and for visually indicating, typically, by dial, bar graph,
or digital means, the exact position of the linear motion
valve to be controlled.

Since output rack 20 moves in synchrony with the
potentiometer wiper, in both manual and automatic
modes, it is apparent that the precise positioning of the
linear motion valve, regardless of direction of rotation
of the shaft and sleeve, may readily be visually dis-
played.

Modification and changes may be made to the present
device by one skilled in the art without departing from
the spirit of the invention. For example, a bearing 110
(FIG. 3) adjacent an interior end portion of gear hous-
ing unit 24 may be contacted by a snap ring 112 dis-
posed at an outer end of rack 20 to automatically stall
motor 28 to provide an additional safety measure to the
present actuator. A remote manual electrical switch
could replace a controller. Switch 72 of the position
feedback circuit would then be wired in series with
common lead of motor 28. Additionally, another poten-
tiometer may be suitably positioned on the present actu-
ator for indicating position of the same linear device to
another instrument, and so forth.

The present actuator may be adapted for use advanta-
geously in other applications, such, for example, as
controlling the stroke length of a diaphragm metering
pump, the height of a table, platform, etc. to be raised,
and the like.

I claim:

1. An actuator for the control of a device by linear
motion imparted thereto from said actuator comprising:

a motor having a drive shaft, and means for supplying
power to said motor for rotation of said drive shaft,

gear means rotating in response to rotation of said
drive shalft,

pinion means for engaging said gear means and rotat-
ing 1n response to rotation of said gear means,

a rack for engaging said pinion means and moving
linearly in response to rotation of said pinion
means, |

a knob and a knob shaft, satd knob, said knob shaft
and said pinion means being in aligned secured
together relationship for manually disengaging said
pinion means from said gear means while simulta-
neously removing said supply of power to said
motor and for constantly maintaining engagement
of said pinion means with said rack whereby rota-
tion manually of said knob causes said rack to move
linearly.

2. Actuator of claim 1 further including position indi-

cating means comprising;:

an elongate sleeve having a longitudinal slot disposed
therethrough towards a forward portion thereof,

pin means disposed through said slot and transversely
through said sleeve and knob shaft,
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said sleeve, knob shaft and pinion means rotating In

accordance with rotation of said knob, and

a position indicating potentiometer mounted at a

rearward end of said sleeve whereby rotation of
said sleeve by rotation of said knob shaft and pinion
means when said pinion means is disengaged from
said gear means but engaged with said rack causes
said potentiometer to produce a linear voltage in
accordance with the position of said rack and indic-
ative of the position of said device.

3. Actuator of claim 2 wherein said knob shaft with
said pinion means secured thereto is rotated by said gear
means engaging said pinoin means to thereby rotate said
sleeve to cause said potentiometer to produce a linear
voltage in accordance with position of said rack en-
gaged by said pinion means and indicative of the posi-
tion of said device.

4. Actuator of claim 2 wherein said potentiometer is
provided with a shaft secured to said sleeve at a rear-
most portion thereof whereby rotation of said sleeve by
said knob shaft when said pinion means is disengaged
from said gear means and engaged with said rack causes
said potentiometer shaft and wiper affixed thereto to
rotate in synchrony with the position of said rack and
produce a linear voltage indicative of the position of
said device.

5. The actuator of claim 3 wherein said potentiometer
is provided with a shaft secured to said sleeve at a rear-
most portion thereof whereby rotation of said sleeve by
said knob shaft when said pinion means is engaged with
said gear means and said rack, said knob shaft rotating
in response to rotation of said motor drive shaft and
gear means, causes said potentiometer shaft and wiper

affixed thereto to rotate in synchrony with position of

said rack and produce a linear voltage indicative of the
position of said device.
6. Actuator of claim 3 further characterized by
a pair of cams mounted around said sleeve and a pair
of normally closed limit switches mounted in proxi-
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said sleeve by said knob shaft rotating in response
to rotation of satd motor drive shaft, gear means
and pinion means in either direction of rotation
causes one or the other of said limit switches to be
opened by one or the other of said cams to thereby
limit distance of travel of said rack in one direction
or the other by opening said motor operating cir-
cuit.

7. Actuator of claim 2 further characterized by:

a housing for said actuator, said knob sahft extending
through an opening in said housing, with said knob
disposed exteriorly of said housing,

a forward recess and a rearward recess provided
transversely around said knob shatft,

said knob being moveable in a direction toward and
away from said housing,

a projection extending from said housing internally
for engaging with said forward recess when said
knob is moved in a direction towards said housing
to cause said pinion means to be engaged by said
gear means for linear movement of said rack in one
direction or the other by said motor.

8. Actuator of claim 3 further characterized by:

a housing for said actuator, said knob shaft extending
through an opening in said housing, with said knob
disposed exteriorly of said housing,

a forward recess and a rearward recess provided
transversely around said knob shaft,
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said knob being movable in a direction toward and
away from said housing wall,

a projection extending from said housing internally
for engaging with said rearward recess when said
knob is moved in a direction away from said hous-
ing to cause said gear means to disengage said pin-
ion means for linear movement of said rack in one
direction or the other by said knob.

9. Actuator of claim 1 wherein said device is a gas
feeder linear motion valve and said actuator is an elec-
tromechanical linear actuator.

10. Actuator of claim 9 wherein said gas feeder linear
motion valve feeds chlorine gas to potable waters for

disinfection thereof.

11. Actuator of claim 1 wherein said knob and knob
shaft are further adapted for re-engaging said pinion
means with said gear means and reapplying said supply
of power to the motor at any position of said rack
whereby control of the position of the rack through the
motor is immediately effected and reinstated.

12. An electromechanical linear actuator comprising:

a linear member;

a first rotary member drivingly engaging the linear
member for moving the linear member linearly;

a second rotary member adjoining the first rotary
member, the first rotary member being moveable
into and out of driven engagement with the second
rotary member while continuously in driving en-
gagement with the linear member;

motor means coupled with the second rotary member
for rotating the second rotary member and the first
rotary member when the first rotary member is
drivingly engaged with the second rotary member;
and

position indicator means continuously coupled with
the first rotary member for indicating the position
of the linear member through the first rotary mem-
ber when the first rotary member is engaged with
and is disengaged from the second rotary member.

13. The electromechanical linear actuator of claim 12
wherein said position indicator means is rotatationally
coupled with the first rotary member.

14. The electromechanical linear actuator of claim 12
further comprising compensation means coupled with
the position indicator means for compensating for back-
lash between the linear member and the first rotary
member. |

15. The electromechanical actuator of claim 12 fur-
ther comprising manual adjustment means coupled with
the first rotary member and adapted for manually mov-
ing the first rotary member into and out of driven en-
gagement with the second rotary member and for man-
ually rotating the first rotary member.

16. The electromechanical linear actuator of claim 12
wherein the linear member comprises a rack, the first
rotary member comprises a pinion engaging the rack
and the second rotary member comprises a gear mesh-
able with the pinion.

17. The electromechanical linear actuator of claim 16
further comprising compensation means for compensat-
ing the position indicator means for backlash between
the pinion and the rack.

18. The electromechanical linear actuator of claim 17
wherein said compensation means comprises:

a first shaft extending coaxially through the pinion;

a second shaft extending coaxially with respect to the
first shaft from the position indicator means; and
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an engagement member extending radially {from one

coupling means for rotatably coupling the first and of the first and second shafts; and

second shafts, the coupling means developing a a sleeve coupled with the other one of the first and

backlash between the first and second shafts sub- second shafts and having an elongated opening for
_ 5 engaging with the engagement member.

stantially equal to the backlash between the rack 20. The eleciromechanical linear actuator of claim 12

and pinion. further comprising means for indicating engagement

and disengagement positions of the first rotary member
with the second rotary member.

wherein said coupling means comprises: 10 X & ¥ & %

19. The electromechanical linear actuator of claim 18
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